The human serotonin transporter gene (5-HTT) demonstrates two polymorphisms with possible functional impact: a 44-bp insertion/deletion polymorphism of the promoter region and a 17-bp variable number of tandem repeat polymorphism (VNTR) in intron 2 (STin2). Such genetic polymorphisms in the serotoninergic system may increase the susceptibility to schizophrenia or may serve as predictors of therapeutic response. We therefore analyzed these polymorphisms as susceptibility factors for schizophrenia by comparison of 684 schizophrenic inpatients with 587 healthy controls. We furthermore compared the therapeutic outcome of schizophrenic patients differentiated by the 5-HTT genotypes. Schizo-affective patients were more frequently homozygous for the 44-bp insertion allele (Odds ratio, OR: 1.6, 95% confidence interval, CI: 1.1-2.3, P Ͻ 0.03) than were all other schizophrenic patients and controls. The 17-bp VNTR alleles found were: STin2.7, 9, 10, and 12. Sequence analysis revealed seven different sequence motifs with an invariable arrangement. Patients with schizo-paranoid schizophrenia were more frequently homozygous for the STin2.12 allele than were controls (OR: 1.4, CI: 1.1-1.8, P Ͻ 0.007) and all other schizophrenic patients (OR: 1.6, CI: 1.2-2.3). The STin2.9 allele represented a risk factor for the residual subtype of schizophrenia (OR: 6.4, CI: 2.5-16.2, P Ͻ 0.001). On the basis of global clinical impressions, as well as measurements with the positive and negative syndrome scale we found no association of the polymorphisms with therapeutic response. In conclusion, the 44-bp polymorphism may be associated with the schizo-affective and the 17-bp VNTR with the residual and schizoparanoid subtype of schizophrenia, findings which require further biochemical and epidemiological confirmation. Molecular Psychiatry (2001) 6, 179-185.
Introduction
Inter-individual variability in response to drug treatment and in susceptibility to schizophrenia or to certain subtypes of schizophrenia may be associated with genetic variation in the serotoninergic system. The serotonin transporter (5-HTT) appears to be involved in the development of schizophrenia, since post-mortem studies have reported reduced serotonin re-uptake sites in the brains of schizophrenic patients 1 in 5-HTT-mRNA levels in the cortex of schizophrenic individuals. 2 The 5-HTT transporter gene (5-HTT) consists of 14 exons spanning about 35 kb and includes 12-13 membrane-spanning domains. It is mapped to chromosome 17q11.1-q12. [3] [4] [5] Two polymorphisms have been reported: first, the bi-allelic insertion/deletion polymorphism in the promoter region, with the deletion (or short = S) and the insertion (or = L) alleles localized upstream to the transcription start site. Second, a multi-allelic 17-bp variable number of tandem repeat polymorphism (VNTR) within intron 2. 4, 5 Detailed analysis of the insertion/deletion polymorphism revealed that the deletion variant corresponds to 14 repeat units and the insertion variant to 16 repeat units of a 20-23-bp incomplete VNTR polymorphism. More recently, low-frequency alleles have been reported, including 15-, 18-, 19-, 20-and 22-repeat units. [6] [7] [8] [9] These variants, however, have not been found in Caucasian populations. The deletion allele of the 44-bp polymorphism has been reported to be associated with decreased expression and reduced serotonin uptake in lymphoblasts and in platelets, as compared with the insertion variant. [10] [11] [12] [13] Clinical studies have reported an association between this polymorphism and different psychiatric disorders including schizophrenia, 12, [14] [15] [16] but other studies have reported no such association with schizophrenia. 17, 18 Although the biological function of the 17-bp VNTR of the second intron is still not elucidated, a number of authors have reported an association of some psychiatric diseases with the allele 9 (STin2.9)
19,20 and 12 (STin2.12). 14, 21 Other authors have, on the contrary found no correlation at all. 17, 22 Our primary objective was to investigate the effects of the 5-HTT polymorphism on the response to typical and atypical antipsychotic drugs. The general perspectives of such pharmacogenomic approaches have been summarized elsewhere. 23 If, indeed, subgroups of non-responders or good responders may be identified on the basis of genetic variants in receptors or transporters, this may substantially improve the efficacy of an individualized drug treatment. This matter is closely linked to the question of molecular defined subtypes of disease which may respond particularly well to certain types of treatment. We accordingly also studied these polymorphisms of the 5-HTT (44-bp deletion, 17-bp VNTR) as susceptibility factors for schizophrenia.
Materials and methods

Subjects
A prospective study was performed with unrelated schizophrenic inpatients and healthy subjects, comprising a total of 1271 Caucasian individuals from Berlin, Germany. We recruited 684 schizophrenic patients (53% male, 47% female) with a mean age of 38.5 years (range 18-70, SD = 12.1) and a median age of onset of 27.0 years (range 12-66, SD = 9.3) from two university psychiatric hospitals in Berlin (Universitätsklinikum Charité and Universitätsklini-kum Benjamin Franklin), and from two community psychiatric hospitals (Wilhelm-Griesinger Krankenhaus and Krankenhaus Am Waldsee). Only subjects of German Caucasian descent were included.
Patients with a DSM-IV diagnosis of schizophrenia were included in the study 2-4 days after admission to the hospital. Patients were grouped according to the following DSM-IV subtypes of schizophrenia: schizoparanoid (n = 427, 295.3), schizo-affective (n = 120, 295.7), residual (n = 39, 295.6), catatonic (n = 31, 295.2), schizophrenic form (n = 15, 295.4), undifferentiated (n = 8, 295.9), and miscellaneous other subtypes (n = 44). All psychiatrists involved in the study received detailed instructions on how to apply the DSM-IV criteria prior to the study, and a senior psychiatrist regularly reviewed the diagnoses. Age at first episode, duration of illness, familial predisposition, current medication and therapeutic response of the index episode were documented. Of the 684 patients, 101 were incident cases and 583 patients were recurrent. It was not possible to obtain a medical history from 36 patients.
Severity of schizophrenic symptoms was assessed by the attending psychiatrist according to the Clinical Global Impression Scale and by use of the Positive and Negative Syndrome Scale for schizophrenia (PANSS), 24 at study entry and twice within the 5-week period of clinical surveillance. Interviews took place on day 3 (2-4), day 14 (13) (14) (15) and day 28 (26-30) after admission to the hospital. Inter-rater reliability was controlled by regular monthly meetings of the clinicians, in which one schizophrenic patient was interviewed as described by Kay et al 24 and was independently rated by the investigators of this study. Clinicians were blinded to patient's genotype. Patients to whom clozapine was administered were non-responders to typical antipsychotics. Daily clozapine doses varied between 50 and 800 mg. Of the typical antipsychotics, haloperidol, flupenthixol, zuclopenthixol, perazine, and fluphenazine were administered most frequently.
Patients with evidence of organic or drug-induced psychosis indicated by medical history, magnetic resonance tomography, computerized tomography, or positive drug screens, were excluded from this study. Patients younger than 18 or older than 70, patients who had left the hospital within 7 days after admission, and patients with repeated admission during the study time, were also excluded. A total of 587 healthy subjects (77.6% male, 22.4% female; mean age 30.1 years, range 18-58, SD = 7.6) without history of psychiatric illness, substance abuse, or treatment with psychotropic drugs served as controls. Informed consent was obtained from all subjects. The study was approved by the Ethics Committee of the Universitätsklinikum Charité (Humboldt-Universität zu Berlin) and the Universitätsklinikum Benjamin Franklin (Freie Universität Berlin).
Methods
High-molecular-weight genomic DNA was prepared from venous blood using the standard phenol chloroform extraction. Laboratory staff were blind to the psychiatric observations. Amplification reaction for the 17-bp VNTR and the 44-bp insertion/deletion was performed in a total volume of 25 l, containing 100 ng DNA, 200 M dNTP, 1 M of each of the primers, 1× buffer 1 and 2.8 units of mixed polymerase (Taq-and Pwo-polymerase) from the Expand™ Long Template PCR-System Kit (Boehringer Mannheim, Roche, Germany). For the PCR reaction of the 44-bp insertion/deletion variant of the 5-HT transporter, dNTP was replaced by 200 M dATP, dCTP, dTTP, 150 M dGTP, and 50 M 7-deaza-GTP (Boehringer Mannheim). Applied primer sequences were GGC GTT GCC GCT CTG AAT GC (forward) and GAG GGA CTG AGC TGG ACA ACC AC (reverse) for the 44-bp insertion/deletion polymorphism, 12 as well as G GTC 
Statistical methods
Statistical analysis was performed by SAS, Version 6.12. Significance of frequency differences was assessed by Pearson's 2 test-or, if any cell count was less than 5 by Fisher's exact test (if necessary, the modification for tables larger than 2 × 2 was applied). The limit of significance was set to 0.05. Effects of the 5-HTT genotypes on therapeutic response measured by the PANSS were analyzed using the Kruskal-Wallis test (SPSS version 8.01).
Results
Apart from rare diagnostic subgroups, there were three major subgroups among the cases: schizo-paranoid (DSM-IV: 295.3), schizo-affective (DSM-IV: 295.7) and residual (DSM-IV: 295.6). The frequencies of expected and actually found genotypes among these three diagnostic groups and controls differed significantly for the 44-bp insertion/deletion polymorphism (chi-square test P Ͻ 0.04, after adjustment for six degrees of freedom). The detailed subgroup analysis given in In the entire study population the allele with twelve 17-bp repeats (STin2.12) of intron 2 was the most frequent (59.2%), followed by the 10-repeat allele STin2.10 (38.4%). A previously unreported allele with 7 repeats and with a frequency of 0.04%, was identified and termed STin2.7 As shown in Figure 1 , sequencing of the 17-bp VNTR revealed that each allele was composed of seven different 16-17 bp repeats, designated A-G. As a common characteristic, all alleles begin with A B C D and end with G D F. There were no differences in alleles between schizophrenic patients and controls. We observed no sequence variation within each allele as defined by the number of repeats.
For the schizo-paranoid, schizo-affective and residual subtypes of schizophrenia, the frequencies of the expected and actually found genotypes among these three diagnostic subgroups and controls differed significantly for the 17-bp VNTR (chi-square test, P Ͻ 0.0005 after adjustment for 18 degrees of freedom). Detailed subgroup analysis (Table 1) Differences found for the frequencies of genotypes of the 17-bp VNTR and 44-bp insertion/deletion polymorphism were also reflected in the allele frequencies: patients with schizo-affective schizophrenia were frequently carriers of the insertion allele of the 44-bp polymorphism (69.1%) when compared with controls (59.6%, P = 0.007, chi-square test) and with all other schizophrenic patients (60.7%, P Ͻ 0.004). The frequency of the STin2.12 allele of the 17-bp VNTR was higher among patients with schizo-paranoid schizophrenia (63.8%) when compared with controls (56.8%, P Ͻ 0.002, chi-square test) and with all other schizophrenic patients (61.2%, P Ͻ 0.01).
Frequency of the STin2.9 allele was particularly high in patients with the residual subtype of schizophrenia (10.5%) when compared with all controls (1.7%, P Ͻ 0.001) and with all other schizophrenic patients (2.9%, P Ͻ 0.001).
The frequency of the expected and actually found combined genotypes of both polymorphisms differed significantly (Table 2 ) between all schizophrenic patients and all controls (chi-square test P Ͻ 0.0005, after adjustment for 48 degrees of freedom). Detailed subgroup analysis showed that schizophrenic patients were less frequently homozygous for the STin2.10 allele and heterozygous for the 44-bp polymorphism, when compared with controls (P Ͻ 0.0002).
The estimated haplotype frequencies for the 5-HTT gene showed significant association between the 44-bp insertion/deletion and the 17-bp VNTR ( 2 = 137.0; P Ͻ 0.001) for the entire study population. Four haplotypes, the 44-bp insertion-STin2.12, the 44-bp deletion-STin2.12, the 44-bp insertion-STin2.10, and the 44-bp deletion-STin2.10 accounted for the great majority of observations. In schizophrenic patients, the insertion of the promoter was combined with the STin2.12 (28.9%) or STin2.10 allele (29.4%); deletion was combined with the STin2.12 allele (32.4%) ( 2 = 90.0; P Ͻ 0.001).
For the entire population of schizophrenic patients, it was not possible to establish an association between the various genotypes of the 44-bp polymorphism or the 17-bp VNTR, and the therapeutic outcome as measured either by global clinical impression (Table 3) or Response to medical treatment as measured by global clinical assessment. del = deletion; ins = insertion.
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by PANSS (Table 4) . This was likewise the case when patients were stratified for treatment with typical antipsychotics (partial or complete n = 390 and no remission n = 74) and with clozapine (partial or complete n = 143 and no remission n = 141) (data not shown). Positive to negative symptoms did not differ among the different genotypes (Table 4 ). There was consistency between the PANSS scale rating and DSM-IV diagnoses: patients with residual schizophrenia displayed the highest score in negative symptoms (median = 27, range 7-41), while patients with schizoaffective schizophrenia displayed the lowest grade of negative symptoms (median = 16, range 7-44).
Discussion
This study furnishes evidence that individuals with the STin2.9 allele of the 17-bp VNTR demonstrate a two-fold increased risk of developing the schizo-paranoid subtype of schizophrenia and a 6.4-fold increased risk of developing the residual subtype. Homozygosity for the STin2.12 allele was more frequent in schizoparanoid patients. Moreover, patients with schizoaffective psychosis were more frequently carriers of the insertion allele of the 44-bp polymorphism. Response to antipsychotic drug treatment did not correlate with these polymorphisms in the serotonin transporter. Consistent with a previous study 17 we found no association between the 44-bp insertion/deletion polymorphism and schizophrenia in comparison made between controls and all schizophrenic patients and with the subgroup of schizo-paranoid patients. However, the longer variant which activates transcriptional activity of the 5-HTT promotor, was more frequent in schizo-affective patients when compared to controls and to all other schizophrenic patients. It may be speculated whether this subgroup may have a pathophysiology of its own which is characterized by a chronically reduced synaptic 5-HT concentration.
Moreover, Malhotra et al 15 have described an association between the intensity of hallucinations in schizophrenic and schizo-affective patients, and the insertion variant of the 44-bp polymorphism. In the field of affective disorders, Rees et al 21 observed, in contrast to most other studies, 7, 16, 25 an association between the insertion variant and lithium-treated unipolar patients.
The 17-bp VNTR had previously been studied as a susceptibility factor for schizophrenia. In studies with comparably small sample size, Bonnet-Brilhaut et al 18 (n = 105) and Stö ber et al 17 (n = 180) were not able to identify a link between susceptibility to schizophrenia and frequency of these alleles. In the 684 subjects studied by us in Berlin, we found a strong link between the shorter allele of the VNTR and the residual subtype of schizophrenia. This subtype of schizophrenia has existed in most diagnostic systems throughout the medical history of schizophrenia, since the earliest description by Bleuler and Kraepelin. The frequency of the STin2.9 allele is rare, with a frequency of 3.2% (all individuals carrying the STin2.9 allele) found in controls. Thus the etiological fraction of schizophrenia 26 who observed more frequent transmission of the STin2.12 allele in families multiply affected with schizophrenia. Furthermore, intronic VNTRs may likewise be associated with transcriptional activity as it has been described, eg for the insulin receptor 27 and the 17-bp VNTR of the 5-HTT gene. The STin2.12 and STin2.10 alleles act as transcriptional regulators and have allele-dependent, differential enhancer-like properties. 28 From drawing an analogy to other incomplete VNTR polymorphisms such as the dopamine D4 48-bp polymorphism, 29 we expected individual sequence variation among carriers of the same 17-bp VNTR allele. However, sequence analysis revealed seven different sequence motifs with an invariable arrangement ( Figure 1 ). This concurs with the results of a study in patients with bipolar affective disorder. 20 Moreover, we confirmed the hypothesis of Battersby et al, 20 who argued that the shorter forms may have been generated by loss of centrally located repeating elements. In accordance therewith, the STin2.7 allele has lost the next central repeat elements E and D.
The superior efficacy of clozapine-the mixed dopamine, serotonin and acetylcholine receptor antagonist-suggests that the serotoninergic system may play a role in the treatment of schizophrenia. However, we found no association between the 5-HTT polymorphisms and therapeutic response. Forty-five per cent of the schizophrenic patients had been treated with various antipsychotics prior to admission to the hospital. It is therefore not possible to exclude a confounding effect of this therapy on transporter protein expression. Patients with and without prior treatment, however, did not differ in the therapeutic outcome with respect to their 5-HTT genotype.
In conclusion, this large and detailed exploratory molecular genetic analysis primarily aimed at revealing an effect of genetic variation on the response to anti-psychotic drug treatment disclosed no effect of the 5-HTT insertion/deletion polymorphism and the 17-bp VNTR polymorphism on the response to drug treatment. On the other hand, specific alleles of the 17-bp VNTR showed a rather strong and exciting association with diagnostic subgroups of schizophrenia. Owing to the exploratory nature of our investigation, however, confirmatory studies in independent populations are necessary to ensure that 5-HTT genotyping may in fact contribute to specific types of schizophrenic disorders. In addition, the functional impact in different types of tissues of the two 5-HTT genotypes studied is still not unequivocally answered. Further study is required.
